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oe INTRODUVUCTION 


During the 1980's American railroads entered into a 
new technological era which some consider to be making a 
far greater change than the conversion from steam to 
diesel locomotives. This change occurred in the basic 
elements of freight handling and distribution. The 
deregulation of intermodal freight and the railroad 
industry by the Staggers Act caused the railroads to 
usher in new marketing strategies in order to become more 
competitive with the trucking industry. For over 4 
century boxcars provided the standard vehicle for 
transporting general goods. Just after the turn of the 
century, some railroads began using containers and 
piggyback trailers for less than car loéd and special 
shipments. Gradually more of this intermodal transport 
was being used by railroads, and by the late seventies, 
railroads began to reserve entire trains for intermodal 
imigat tic. 

The smooth operetion of an intermodal port 15 
dependent upon many factors, including the efficient 
operation of the intermodal rail transfer facility. At 
the present time, it is difficult to plan the dévelopment 
of a new facility or to optimize the operation of an 
existing one because accurate methods for predicting the 
capacity and processing time are not available. A 


computer model which simulates the loading of rail cars 





has been developed at the University of Washington 
(Hollar 1883). However, this mod@2] does not simulate 
the effects of switching the loaded rail cars. The 
purpose of this project is to develop a computer mode) 
which simulates rail switching in a generic intermodal 
hacilaity. 

The computer model will be developed after reviewing 
the configuration of several rail intermodal facilities. 
A preliminary selection of parameters to be modeled will 
be made after a literature review. Examples of 
parameters to be included are the time required to pull 


and set rail cars in the loading area, the cycle time for 


T 


loading a contésiner on a rail car, and the arrival 
easeribution of incoming and outgoing containers. Gnee 
developed, the mode] will be operated end a sensitivity 
analysis will be conducted to determine which parameters 


th 


hav 


a) 
aw 


greatest influence on intermodal yard capacity. 

A modified version of the model should be helpful in 
answering the following questions: 

(1) Whet is the most efficient use of existing 
Plant and equipment at a given intermodal facility? 

(2) Would additional tracks be beneficial? 

(3) Would additional loading equipment be 
beneficial? 

(4) Is it most efficient to own the rail switching 
equipment, or to hire eo terminal railroad to switch the 


yard? 





eso Is on dock rail an advantage? 

By being able to simulste the operation of a 
proposed intermodal yard before large capital investments 
are mad=, facility owners and planners will b= confident 
that they have made the right choice. They will be able 
to design new intermodal yards and improve upon existing 
ones with greater confidence. Operational improvement 


can be studied without actually changing the operation. 





as LITERATURE SEARCH 


A literature search was conducted to see what, if 
any, other efforts had been undertaken in this topic 
area. Sources of information explored included data 
bases, theses, railroad trade magazines, and other 
Simulation models. It was concluded that in the open 
literature, no information is available concerning the 
simulation modeling of intermodal rail switching. 

Trade magazines proved to be a valuable source of 
general information about intermodal facilities and 
equipment. Several articles have been written recently 
which describe current trends in intermodal 
transportation. Topics include the increasing revenue 
share which intermodal service provides contemporary 
railroads (Welty 1989; "Intermodal" 1988) and intermodal 
marketing strategies (Flous 1987; Greenwood 1988; Sorrow 
1989; Miller 1989). 

Mod21 railroading hobby magazines also provide a 
wealth of valuable information on this topic. While 
primarily aimed at hobbyists, these magazines contain 
large numbers of prototype scale drawings, data, and 
information (Panza 198873; Casdorph 1988; Fanza and 
Yungkurth 1989). 

A computer simulation is a valuable tool for 
studying and optimizing existing port operations or for 


developing plans for a néw facility. The result of a 


ra) 





simulation is often in the form of graphs and tables. 
Recently, simulation software packages have been 
developed Which includ2 graphics. These packages provide 
output in a form which is easily understood by people 
with non-technical backgrounds. 

Railroad operational simulations available include 
three developed by the Association of ree Railroads 
(AAR) including a Train Operation Simulator (TOS) 
(Luttrell, et. al. 1983), an Intermodal Equipment 
Distribution Model (IEDM) developed in 1888 and an 
Intermodal Terminal Design Model (TED) developed in 1986. 
The TOS simulates the performance of diesel-electric 
locomotives and freight cars over a given track. The 
model will operate on an IEM FC AT or IBM FE-2. The IEDM 
is intended to optimize intermodal equipment distribution 
and is suitable for mainframe operation only. The TSB is 
a set of four Lotus based models intended for preliminary 
design investigations of intermodal terminals. This 
model is not suited for detailed terminal design or 
Simulation. The Train Simulator (1980) is a package 
Similar to the TOS described above. This software will 
run on an IEM FC and is primarily intended for training 
personnel in train handling skills. The Princeton 
Railroad Network Model and Graphic Information System 
(ALK Associates 1986) simulates the North American rail 
system and provides graphic display of traffic corridor 


and shipping data; it is oriented toward railroad 





planning, marketing, and operations. This model provides 
a FC version of the IEDM described above. None of the 
abov= models was deemed to have direct application in 
feis study. 

In addition, a review was conducted to determine the 
best simulation software to use for the model. A total 
of three software packages received serious 
consideration. The first was SIMAN (Fedgen 1987), and 
the second was SIMSCRIFT (Fayek 1989). Both of these 
softwere packages include animation, both were deemed too 
complicated for this study owing to the limited time 
available in which to conduct it. The softwar= chosen 
for the simulation mod2] wes MicrocYCLONE (Halpin 1990). 
The MicrocYCLONE software doses not have graphics 


Seapaoilities. 





3. INTERMODAL EBQUIPMENT 


Frevious efforts to classify intermodal railcars 
have tocussed on the age of a cars! design, dividing them 
gmto ist, 2nd, and 3rd Bonereeien cars (McKenzie, North 
and Smith 1988). These categorizes refer to the cars' 
function, including functional conversions made by the 
railroads and car manufacturers to meet changing market 
demand. Intermodal cars can.be divided into three main 
categories, which can be further divided into ten sub- 
categorizes. Major categories that can be recognized are 


as follows: 


les CONVENTIONAL FIGGYBACK TRAILER (TOFC) CARS 
* Conversions 
* Contemporary Cesign, single unit 


* Contemporary design, articulated 


Zee CONTAINER INTERMODAL (COFC) CARS 
* Conversions 
* Contemporary design single unit, single and 
double stack 
* Contemporary design, articulated, single 
stack 
* Contemporary design, articulated, double 


stack, IBC 





* Contemporary design, articulated, double 


stack, bulkhead 


Si. DUAL PURPOSE (TOFC/COFC) CARS 
* Conversions 


* Contemporary designs 


The first intermodal cars were simply 40- and 50- 
foot flat cars. Most were not specially equipped in any 
way to carry trailers. The trailers were attached in any 
way possible using chain falls, gripes or come alongs 
These cars were "circus loaded", which is to say, loaded 
the same way that Teamsters loaded and unloaded circus 
Wagons & hundred yeers 330. This. Vs 20so. the -oriaini or 
the term "team track" for the tracks in an intermodal 
yard. 

Circus loading and unloading is difficult and 
inefficient. For one thing, the trailers to be unloaded 
must b2 oriented with the hitch end toward the unloading 
ramp. A hostler had to back the tractor onto the car, 
hitch up the trailer, and then pull it off by moving 
forward. Temporary, or permanent fold down ramps, known 
as "bridgeplates", were placed between the cars to permit 
the tractor-trailers to drive off. 

Loading empty flat cars was even trickier; the 


tractor-trailer hostler had to back the whole rig down 





the length cf the cars being loaded. This was slow work 
watem ftequired great £kill on the part of the hostler. 

Advances in hydraulics and metallurgy permitted the 
development of side loading technology, which became wide 
spread about 19€0. This was a critical step in 
developing the high speed doublestack trains we know 
today. 

In modern rail car désign there are several 
important factors which must be considered. Final total 
cost comes to mind first. Converting and refurbishing 
older cars is senerelly less expensive than building new 
Sars trom the ground up. Two other important 
considerations are the tare weight and carrying capacity; 
the lighter a car can be, the better. As one micsht 


expect, &@ stronger car is preferred over & cer with 1 


(b 
W 
in 


carrying capacity. The type and flexibility of the 
trailers or containers to be carried are also important. 


Some specialized designs are needed for specific markets 


ml 


and corridors, but, in general, more flexible designs are 
more satisfactory. Width and height restrictions, 
stability, cushioning of the load, and length all relate 
to train and track dynamics. 

The following information represents a summary of 
the information contained in an article which discussed 


the subject in detail (Casdorph 1988). For sake of 


( 


brevity, discussion in this paper will be limited to the 


contemporary design, articulated, doublestack type cars, 


ie) 





both bulkhead and interbox connector (IBC). These two 


r types meke up the grest majority of railcars 


fl! 


operating in modern intermodal facilities, and therefore 


are considered representational for modeling purposes. 


CONTAINER INTERMOCAL (COFC) RAILCARS 


Most intermodal railcars are owned by Trailer Train 


Gempany of Chicago, I]linois. Trailer Train is jointly 


a lessing 


am 


Ui 


owned by the maior U.S. railroads and acts a 


agent, providing intermodal railcars to the railroads. 





This category has provided the most dramatic 


illustration of the intermodal revolution. The cars were 
designed for unit train operation in heavy traffic 


corridors, but they have also madz= their way into less 


a 


dense corridors and even mixed freight trains. Thre 


basic designs have entered service since 1979. 





Prototype double stacks were unveiled by Southern 
Pacific in 1979 as three-unit cars. They were a 
conceptual extension of the single-unit double stack 
designs which were introduced by Américan Car Foundries 


(ACF) and Southern Facific Railway (SP) in 1977. In 


10 





19:81, following the success of the prototype cars, ACF 
Built 42 Tive-unit cars for the Southern Pacific. They 
were initially used for SF Sea-Land Service trains. 

While no longer in production, these cars led the way for 


large scale acceptance of other five-unit designs. 


! FA S16 Gar ARS 

American President Lines (APL) placed its first 
five-unit, 40-foot well, double stack cars in service in 
1984. These cars were designed by the Budd Company of 
Fhiladelphia, Pennsylvania and were built by the Thrall 
Car Manufacturing Company of Chicago Heights, Illinois. 
Cne of the major features of the "Thrall cars" was the 
use of interbox connectors (IBCs) to load and lock the 
containers in position. _ IBC is a device which 75 
inserted into receptacles at each top corner of a 
container. A second container is fastened on top of the 
lower container and locked into position by rotating the 
IBC. This procedure permits easier and faster loading 
than the bulkhead system introduced by ACF and SF seven 
years earlier. The cars are popular with terminal 
operators for this reason. Additionally, the tare weight 
of the car is 1¢835, permitting a slight increase in 
capacity. 

When doublestack cars were first designed, the 
standéerd length of containers was 20 or 40 feet. Ey 


1885, domestic customers had seen the advantages of 


11 





containers in new, longer lengths. Eventually, 45- and 
&48-foot containers were introduced and, in 1988, 53-foot 
containers appeared. Threll introduced new cars with 
well lengths to accommodate the rise in domestic 


container shipments, including the 45- and 4&8-foot 


lengths. (See Appendix A). 





Gunderson Inc. of Fortland, Oregon introducéed its 
version of double stack cars later in 1984. Gunderson's 
cars were similar to the earlier ACF/SPEP design in that 
they used bulkhzads to secure the containers. The 
advantage offered by Gunderson was increased security 
provided by the ability to lock the containers. This was 
important because, odviously, losina a container from 
high winds, rough track, or other causes is costly. The 
main disadvantage of the ‘system is a slightly longer 
loading time and lesser gross weight capacity. The first 
production deliveries of these cars were mad= in early 
1985. They were limited in the lengths, and types, of 
containers they could carry, but soon Gunderson begén 
‘mreroducing cars that could hold 20-, 35-, 40-, &5- and 
48-foot containers. Sincz= 1885, Gunderson has delivered 


nearly 4,000 wells. (See Appendix A). 


m2 





CONTAINERS AND TRAILERS 





The International Standards Organization (ISO) first 
published a standard for containers in 1973 (Standard 
668, Series 1). I50 standards describe over 20 different 
types of seriézs 1 containers. They can be further 
divided into two broad groups: (1) general cargo 
containers and (2) specific cargo containers. General 
cargo containers are those not intended to carry any 
particular type of goods. fpecific cargo containers are 
for shipping goods that require temperature control, 


liquids and gases, dry bulk solids, or items such as 


ay) 


automobiles and livestock. 

For simplicity, cnly general cargo containers need 
be considered for purposes of this study. Within the 
general cargo container group, the most common is the 
general purpose container or "dry van." It is totally 
enclosed and weatherproof, has a rigid roof, floor, sidé 


walls and end wells, has doors in at least one end wall, 


1) 


and is suitable for carrying the greatest possible 
variety of cargo. Other general cargo containers include 
open ton containers and vented containers (passive 


ventilation). 





Containers designated Series 1 by ISO are those 
containers intended for intercontinental use; 
consequently, these must be built to endure the rigors of 
shipboard service. I1S8C standard containers come in 
various lengths, ranging from 10 to 45 feet. Standard 
containers are 96 tnches wide and either 9 or 9 1/2 feet 
high, and there are many types. The most common 
containers on US highways and railroads are 20 and 40 
foot IS0 Series 1 containers. In 1988, the worldwide 
fleet of freight containers of all types was estimated to 
be nearly 5 million units. Most numerous is the "dry 


van," while the more exotic tank container 15s less 


common. 





Domestic containers are containers built exclusively 
for use within the US. As such, they are not required to 
comply with IS50 Series 1 standards. Because of recent 
changes in ICC regulations permitting longer and heavier 
trailers on US highways, these now include 45-, 48-, and 
S3-foot high-cube (102-inch wide by 9 1/2 foot high) dry 
vans. These general cargo containers are intended for 
rail and highway servic= only, although 45-foot boxes 
built to ISO standards may occasionally be used aboard 
ship, as all have standard I§$@ corner castings located at 


the 40-foot positions on both the top and bottom to 


14 





permit stacking with standard 40-foot containers. AFC 
introduced 4&8-foot containers in the domestic market in 
1985 and followed with the first 53-foot containers in 


1988 (McKenzie, North and Smith 1989). 
CONTAINER HANDLING EQUIPMENT. 


In the late 1950's freight containers were 
introduced into both the international and domestic 
container transportation networks. Almost immediately, 
the ne2d for specialized equipment to handle containers 
became apparent. In those early days of 
containérization, carriers made do with cranes, hoists 
and trailers thst w originally designed for 


r no 


10 
(li 


as 


Somteinerized cargo. Such "band aid" and temporary fixes 
did not last long, however. In today's market in which 
most of the international shipment of non-bulk 
commodities is accomplished using containers, there are 
numerous manufacturers of cranes, hoists, and chassis 


specifically designed to lift and move containers. 


The first containerships had their own cranes 
onboard for loading and unloading containers. This 
occurred because most ports in the early 1960's did not 


have container cranes. AS containers increased in size, 


weight, and numbers, this arrangement became less 


15 





satisfactory. The more progressive ports soon acquired 
Suitable dockside cranes specifically designed for the 
new technology. Steamship lines also bégan to acquire 
container handling cranes for their own dock facilities. 
Today, every major seaport in the world that serves 
container ships has at least one or more dockside cranes 
specifically designed for loading and unloading 
containers. 

The first dockside container cranes were the hinged 
boom type. Normally, the cable was attached to a 
rectangular lifting frame of approximately the same 
dimensions 45 @ container. The lifting frame had a 
container hook suspended from each corner. To lift a 
container, the four hooks were inserted into the top 
corner castings on the container. The standard [308 
corner casting still has an opening on its side where a 
hook can be inserted. This type of lifting is rarely 
done anymore in the United States, but remains common in 
east Africa, and p2rhaps other less developed areas. 

Gantry cranes have now largely replaced dockside 
boom cranés. A gantry crane is supported by two 
vertical trestles and is built much like a bridge. It has 
a long horizontal boom which extends out over the water 
or container ships when they are pierside. The cranes 
are usually rail mountéd and move along the dock parallel 
to the edge. A "spreader bar" has replaced the lifting 


frame. The "spreader" is suspended from the crane's boom 


16 





by the hoisting cables and has "twistlocks" on each of 
its four corners instead of hooks. The "twistlocks" are 
inserted into the top corner castings of the container 
and rotated to lock into place. Once the container is 
properly engaged by the spreader, it can be lifted. 
Modern spreaders are telescopic and can adjust to 
different container lengths. They also have self- 
leveling systems which help avoid damage to the 
container's contents during the lift. 

Modern container gantry cranes are massive 
structures. The newest ones are designed to load and 
unload the latest generation of post-Fanamax ships. 

These newest cranes have a range over 150 feet, a lifting 
height of over 100 feet and a lifting capacity of greater 


than SO tons. 


Q Oo LE G EQUIPM 

Many different types of mobile equipment for moving, 
stacking and lifting containers have been developed since 
the beginning of the intermodal revolution. All of these 
machines perform the function of lifting containers on or 
off railcars, but use different designs and 
configurations. They are known by a variety of names, 
including stackers, packers, frontlift trucks, side 
loaders, straddle carriers, and stacking gantry cranes. 
Basically, there are two distinct categories of mobile 


container handling equipment: machines that lift 


17 





containers or trailers from the side and machines that 
Iaftt from the top of, or straddle, them. Within these 


two categories, there are many variations. 


m 


Machinz= in both categories may have spreaders 
similar in design and function to those used on dockside 
Qantry cranes to lift containers from the top. They may 
have grapple arms to lift a container from the bottom. 

In some cases they may have both, the twist locks on the 
spreader normally being used for containers and the 
grapple arms being used for trailers. Forklift trucks 
ean be used to lift containers fitted with forklift 
pockets. Some of the machines are more versatile and can 


perform multiple tasks, including stacking containers for 


Mn 


storsae, and loading both railcars and chassis. Others 
may only perform a single function such as stacking empty 


containers. 


A chassis is simply a trailer designed specifically 
mom nauling containers by tractor truck. It 15s basically 
a skeletal frame platform equipped with twistlocks to 
secure the container, a bogie assembly, landing gear, a 
kingpin, and necessary electrical and pneumatic devices. 
While most chassis are built for over-the-road use, some, 
known as bomb carts, are intended strictly for use within 
container yards and terminals. Highway chassis must have 


brakes, lights and licenses for usé over public roads, 
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and employ a ete | container securing system. Yard 
chassis do not need highway safety equipment and employ 
simple corner brackets to hold the container in place 
(McKenzie, North and Smith 1989). 

As with other intermodal equipment, chassis come in 
a variety of sizes and types, including chassis for 20- 
foot containers only and chassis for 40-foot containers. 
There are extendable chassis to accommodate different 
length containers, "Gooseneck" chassis for high cube 


containers and "Gropframe" chassis for tank containers. 


BYECEL eee ine (Oromo l ives 


The last required piece of Equipment is the diesel- 
electric switching locomotive. The diesel engine was 
Invented in 1901. By the 1930's, the weight and bulk of 
the diesel engine could be reduced to the point at which 
it was feasible to use it as a source of motive power. 
Today the American diesel-electric locomotive is in its 
third generation of development (Armstrong 1982). 

The basic principle involved is simple. The diesel 
engine is not mechanically connected to the wheels. 
Instead, the engine functions as the prime mover for a 
generator that produces electricity. The electricity is 
used to operate various electrical loads in the 


locomotive. Of prime interest are the "traction motors" 
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are 
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that actually power the locomotive's wh 
also several] auxiliary loads. One of the most important 
is the air compressor which supplies compressed air for 


the train's brake lines. 
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4. SWITCHING RAILCARS 


The need for switching erises from several factors. 
The physical restrictions of the intermodal facility and 
rail yard are among the most obvious, and, for the most 
part, these restrictions will determine the yard's 
capacity. Switching may also be required because of 


loading philosophies, train and track dynamics, the need 


wb 
a 


to block the train at origin or for the various 
destinations, and also a number of miscellaneous factors, 


all of which will be discussed in more detail below. 





Fhysical restrictions on growth are probably the 
most important constraints that managers of intermodal 
facilities and rail yards face. Intermodal yards are, by 
their very nature, very likely to be located ona 
congested urban waterfront where land for expansion is 
either extremely expensive, or not available at any 
price. There is ongoing, keen competition for this 
waterfront property, and there will continue to be so. 
The various political, socioeconomic, and environmental 
factors all combine to make development of new waterfront 
facilities, or expansion of existing ones, difficult or 
impossible. An intermodal yard in the middle of Nebraska 
could be huge, but since there are no ships in Nebraska, 


it would serve no purpose. These restrictions on 
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2xpansion and lack of existing space are major factors in 
determining the particular loading philosophy a yard will 


employ. 





Ther 


are two basic loading philosophies that can be 


ag 


identified. Intermodal yards can be opersted by the "car 
assignment" method or the "load lining" method. In load 
lining, ae!) the contsiners that enter & yard are unloaded 


and stored in a specific location by destination. Load 


Gh 
wb 


lauhing 1s efficient in rms of switching and car 


am 


loading, but takes up sa tremendous emount of space- space 
that many intermodal facilities do not have. 

In contrast to load lining, car assignment is & more 
nici 


nt us= of specze, but less so in terms of switching 
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and car loading. In car assignment, containers are 
loaded onto freight cars for shipment as they arrive in 
the yard. The terminal manager attempts to load an 


entire car with containers going to just one destination. 


a 


However, 1nN @ purée Car 35519nment system, no containers 
are stored. If a car must be loaded with containers 
going to two separate destinations, it is, which means 
the car must be partially unloaded at the first 
destination before the car can proceed to the next 


destination. Partial unloading may also result ina 


specific cer becoming "unquslified," (see next section) 


PLDs 





horcims 1t to remain at its present location until 


anothz=r load can be found for it. 


t Kee , : = 


10 


Because of the risk of derailments, the track and 
train dynamics over the route of travel must be 
considered as the train is being made up. Going uphill 
on a curve, lightly loaded cars that are being pulled 
monger t=nsion or “dratt") will tend to ride up on the 
insidé rail, being pulled to the middle of the curve and 
derailed by the effective lateral force acting on the 
stretched cars. Rolling downhill and around a curve, the 
cars under compression ("buff") will tend to ride up the 
outside rail and be derailed by the effective lateral 
force acting on the bunched cars. (See Figures 4&.1 and 
fe?) 

The restrictions regarding qualified cars provide 
another reason why all wells on the same car cannot 
always be loaded for the same destination. In order for 
the car to be fully loaded, it would have to be delayed 
until enough boxes for that destination arrive, or sent 
out with empty wells. To wait is undesirable because, in 
intermodal, speed is of the essence, and to send @2 car 
out with empty wells violates the rules at best and can 
cause @ derailment at worst. This is why, et a typical 
intermodal yard, switch engines are kept busy while 


managers consider all these various problems. Adding to 
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the puzzlz is the fact that some customers want their 
cargo shipped and delivered in containers, while others 
demand trailers. While the actual loading is done by the 
shipping company at origin, it remains the intermodal 
terminal] manager's problem to find the correct type of 
car to load the contéiner or trailer aboard. 

Burlington Northern Railroad (BN), for example, has 
mountain restrictions east of Seattle, which were 
developed to minimize derailments. The restrictions over 
mors line affect (1) the total tonnage of the train, (2) 
the length and total number of cars that can be in the 
train, and (3) whether or not cars can be run empty or 
must be loaded. 


and 


m 


BN's major traffic corridor between Seatt] 


) 


cade Mountain range. This line 


tf) 


Chicago must cross the Ca 


( 


has a maximum grade of 2.2% and many tight curves. 
Specific restrictions imposed are that the first 25 cars 
of all trains must be "qualified"; that is, conventional 
cars must be loaded with two trailers or containers on 
each car, and a doublestack car must have at least one 
container in each well. A train of less than 5500 tons 
can be pulled with locomotives on the head end only, and 
trains which exceed this limit, but are less than 7500 
tons and under 7700 feet long (about 25 contemporary 
design, articulated intermodal cars), must have helper 
Hocomotives cut into the middle of the train. Am ali- 


conventional intermodal car train may total no more than 
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Figure 4.1: Cars going downhill on a curve, under 
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Figure &.2: Cars going uphill on a curve, under tension 


25 





45 cars (about 4050 feet). In a mixed conventional and 
doublestack train, the total weight must be less than 
4800 tons, all doublestacks must be at the head end, and 
all conventional cars at the rear. A solid doublestack 
train cannot run empty wells anywhere in the train. Most 
other railroads, especially in the west, face 


restrictions similar to those of Burlington Northern. 


SLUCEING THE TRAIN 


Inevitably, trains must be switched at both origin 


and destination. However, trains are always blocked at 
their origin by destination. In other words, they must 
b2 arranged so that all the cars going to the same 


destination ere placed together in the train. This makes 
Meme asier for the train cresu to set out and pick up cars 
enroute. It 1S common practice for the cars to b= set 
out first to be placed at the beginning of the train, but 
it should be noted that, as previously stated, rules 
governing placement of "qualified" cars take precedence 
above blocking by destination. AS an example, there are 
commonly five to seven blocks for each train departing 


Seattle on the Burlington Northern. 


Other agencies influence intermoda! operations, 
often making it difficult or impossible to predict 


accurately how many and what type of containers or 
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trailers will. arrive on any given day. These agencies 

include but are not limited to US Customs, which may have 
to delay a particular container or a whole shipment until 
it can be properly inspected. The labor agreements thst 


hav 


(b 


been negotiated with the Long Shoremen and Teamsters 
Unions often include shut down time for breaks and 
Restrictions on the hours of work. 

In intermodal yards, cars are generally sét with 
double steck cars on one track and conventional 
intermodal cars on another track. On any given day, it 
is impossible to predict the number of containers that 
will go to a particular destination. Therefore, it 15 
impossible to preassian cars by destination within 4 yard 
and to always load «e car with containers or trailers 
going to the same destination. Thus, the requirement for 


switching is inevitable. 


Switching 1s considered to be a necessary evil in 
operating a railroad. The switching crew normally 
includes an engineer, who operates the locomotive; one or 
more brakemen, who handle the chores on the ground such 
as coupling and uncoupling the cars and throwing 
Switches; and a switch foreman. The brakemen are often 
required to climb on and jump off slowly moving rolling 
stock, as they ride on the cars in order to travel 


betwe=en locations of successive tasks. 
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pen sadk= Of 1) uStratiome consider a cut of cars 
Seems) Om @ storage track in a yard. This cut must be 
moved to a team track in an intermodal yard and then 
loaded with containers. This situation is illustrated in 
BPrgure &.3. The first person in the process 15 the 
terminal manager, who is in charge of the terminal and 
knows the day's scheduled ship and train arrivals and 
departures. The terminal manager informs the train 
master that an empty car is needed for loading. The 
Trainmaster is the person in overall charge of the yard 
freacks and 15 in radio contact with the individua} 
locomotives through other personnel in the yard tower or 
officz. Next, a switching crew is called on the radio 
and is given the location and equipment identification 
number of the car to be moved. While the locomotive is 
being opereted to the car's location by the engineer, the 
brakeman is not needed on the ground and usually rides in 
the locomotive cat, perhaps helping the engineer observe 
any conflicting traffic or other problems. When the 
s the car in question, the engineer 


hocomotive reach 


ma) 
(tt 


approaches it slowly and the brakeman swings off the 
locomotive and walks to the car. Using hand signels or, 
preferably, hand held two-way radios, the brakeman guides 
the engineer es the locomotive moves closer to the car, 
stopping when the knuckles of the couplers engage and 
lock. Now the brakeman must go between the locomotive 


and car and connect the air hoses or "glad hands", which 
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aré part of the braking system (as explained in the next 

Paragraph). There ere valves known 4s angle cocks on e11 
the air hoses; the brakeman confirms that the anglz2 cocks 
on the two hoses he just connected are both open and that 
the valve on the other end of the car is closed. 


Modern freight cars are equipped with two kinds of 


it) 


brakes: sir brakes for primary use while in a train, and 
hand brakes which are used in spotting 4 car by itself on 


@ siding when train air is not availabl When switching 


(ih 


light loads, such as 4 sinale box car, often the train 


@ir lines are not connected: consequently, the sir brak 


m 


S 
ar= not used. However, the five well articulated type 
cars which are used in container loading are considered 
too heavy for a small switch engine to move safely 
without the use ct air brakes. The air brakes are held 
Git by air pressure; this 18 & Safety design so that if 
air pressure is lost at any time, say because = coupler 


brakes and the train is parted, then the loss of the air 


au 


pressure will cause the brakes to be applied. The air 


au 


hose 15 connected from the switch engine to the car, and 
the air compressor in the switch engine pumps to bring 
the air pressure up to an acceptable level in the train's 
braking system. If the air hose valve at the other end 
of the car i185 open by mistake, then the train line will 


not hold air pressure and the brakeman will have to walk 


Qu 


f) 


to the other end of the car to close the valve. nc 


¢ 
a 


many modern articulated cars can te over 300 feet long, 
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the walk cén be quite time consuming. with both valves 


closed, the air pressure 18 increased, and the brakes on 


the car are released. The locomotive and car are now 
rzady to move. This situation is illustrated in Figure 
Ee. 


The brakeman may climb aboard either the locomotive 
or the car for the ride to the team track. Depending on 


- 
ed 
= 


bd 
(ly 


the distance, this may take several minutes. The sp 
for trains within yard ats 15 typically restricted. 
From the author's observations, five mph is a typical 
speed for operation in an intermodal yard. 

Once the locomotive and cut of cars arrives at the 
team track, the engineer slows the train, again 
permitting the brakeman to swing to the ground. The 


brakeman will probably have to throw one or more switches 


00 


in order to alian the tracks so that the car can b 
placec or spotted on the correct track. This done, he 
Signals the engineer to proceed via radio or hand signal. 
ime Car 15 slowly pushed into the correct position. This 
Situation is illustrated in Figure 4.5. The locomotive 
must now be uncoupled from the cars. The brakeman mey go 
between the cars and close both air valves: one on the 
car, the other on the locomctive air hose. If this is 
done, the brakes are not applied and the car is free te 
roll after the locomotive leaves. Alternatively, if one 
of the valves is left open, the air will escape from the 


air lines on the car and the brakes will automatically 
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Figure 4.5: Locomotive and cars ready for uncoupling. 
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set. After both air valves are closed, the brakeman 
steps back out alongside the track and pulls a lever 
which allows the coupler to open. Now the brakeman 
Signals the engineer, who backs the locomotive away. The 
air hoses separate without assistance. The hand brake 
wheel is then turned to actuate a secondary mechanical 


braking system that serves the same function as a parking 


brake for an automobile. 
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ea METHODOLOGY AND RESULTS 


The investigation into operation of intermodal 
facilities consisted of a series of on site interviews 
followed by the development of a computer simulation. 


This chapter describes the methods and techniques used in 


uW) 


developing the study. A discussion of the site visits i 
presented first, followed by a general discussion of 
simulation modeling. A detailed discussion of 
MicroCYCLONE modeling methods is the final part cf this 


chapter. 


REVIEWS 

Familiarity with intermodal switching is required 
before one can develop 4 meaningful computer model. To 
facilitate this, a group of standard questions wes 
developed in order to ensure that all major points were 
discussed. The interviews also served the purpose of 
ensuring that the author would become familiar with the 
terminology and concepts associated with intermodal 
terminal operations. The questions and a brief summary 
of results are contained in Appendix 6. 

The criteria for choosing sites to visit were two 
fold. First, it would be desirable to visit sites in as 
many different geographic regions of the United States as 
possible. Second, it would be desirable to visit 


terminals operated by as many different railroads as 


So 





possible. It was hoped these criteria would insure that 
information gathered would not contsin proprietary or 
geographical limitations. 


The following sites were visited: 


Burlington Northern Seattle International 


Gateway, Seattle, Washington. 


Burlington Northern Salmer Yard, Seattle, 


washington. 


Southern Facific Intermodal Terminal, 


Sak land, California. 


Atchison, Topeka and Santa Fe Richmond Yard, 


FAchnene. California. 


Burlington Northern Chicego International 


t2weviweieera, Filimeis. 
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A simulation is a4 mathematical mode] of some 
historica] event or activity which attempts to reproduce 
the most importent aspects of the event or activity being 
in question, often in order to study and make predictions 
about futur= events. A previous study of intermodal 


operations (Hollar 1989) hes suggested dividing these 
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aspects into two categories, physical constraints end 
operations! constraints. Fhysical constraints on @ model 
of rail switching in an intermodal tacility would include 
the physical size of the rail cars, the speed at which 
they are moved, the number of tracks in the facility, and 
the time required for personnel to carry out tasks like 
throwing as switch or coupling and uncoupling cars. 
Operational constraints include items like labor 
agreements and industry rules and regulations. 

Simulation models rely heavily on the laws of 
mathematical probability to simulate real life 
occurrences. Once a model is developed, comparison of 
results to existing historical data must be made. In 
gam= theory this is referred to as play testing, and in 
simulation modé1s it might best be described as 
authenticating or verifying the results. Following an 
initial verification, th= model is fine tuned. After 
some number of iterations of comparison with historical 
data and fine tuning, the model is considered capable of 
reasonable predictions. 

When making a model] with the MicrocYCLGONE software 
(Halpin 1989), one breaks the intermodal terminal 
operation is broken down into component activities, 
operations, processes, and work tasks. 

Work tasks are fundamental field actions, and 
generally involve only @ single person or crew. Work 


tasks in an intermodal yard would include a brakeman 
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cour lina and uncoupling cers and throwing switches. The 


eanginétr or ting the locomotive's air compressor to 
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the train's air line is another example of ~@ 
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work task. A worker operating a hoist and lifting a 
container from 4a chassis to a car well is still another 
example. 

A process 13 @ logical collection of work tasks. 
Frocesses usually involve more than just a single trede. 
In an intermodal facility, the movement of a cut of cars 
(loaded or empty) would represent 4 process. 

An operation is a logical collection of processes. 
An operation in an intermodal facility would be the 


movement of s3¢eVv 1 cuts of cars threvcn the yeord. The 
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operation would result in the making up of a train cf 
intermodal cars ready to depart the facility. 

An activity is the attainment of a physical segment 
of some whole. In the intermodal facility, départure of 
aetrain would sianify the completion of a full cycle. 

The final model must be logical sequence of work 
tasks collected into processes, further collected into 
operations. The completion of each cycle or activity 
will be indicated by 4 single numerical increase in the 
program counter. (See function node, described below). 

In order to mak= models with the MicroCYCLONE 


program, a network is constructed with a string of logic 


(Dp 


zlements called nodes. There are four basic elements in 





the MicrocYCLGNE language: normal, queue, combination and 
henmetion. (See legend on Figure 5.1). 

A normal node is the simplest. It allows the 
modeler to specify a time duration for an event. In 
contrast to the combination node (described below) the 
normal node doés not require that the elements preceding 
it be specified. 

A quéue node is an element which represents a place 
in the network where resources are detained, or "queue" 
up. A special function can be added to a queue node, 


rate function is 
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nerate function. The g 
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called ag 
used when resources arrive in packages. For instance, 
when one articulated intermodal car arrives at 4 
facility, it consists of ten places for contédiners. 

The combination node must be preceded by queue 
nodes. The combination node requires that resources Dé 
available in each of the queues preceding it before the 
process can proceed through it. 

There are two types of function nodes available in 
MicroCYCLONE. The first is the counter node, which is 
inserted into a network in order to measure production 
output. The second is the consolidate function, which is 


the opposite of the generate function described above. 


(b 


The consolidate function can be employed wher a modeler 
wants to collect resources, for =xample, when ten 
containers ere collected on one modern articulated 


Mictermodel Car. 
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Cwing to the complex nature of an intermodal 
operation, the approach was to develop the model as a 


S 


ib 


ries of modules. Each module would represent an 
increase in complexity over the previous. Experience 
with other modeling attempts (Hollar 1989) supports this 
approach. 

The initial computer mode) was developed after 
reviewing the configuration of the rail intermodal 


facilities visited during the on-site interviews, and it 


m 


if intendec to represent a generic intermodal facility. 
Parameters required fer = basic model incluc= the time 
required to pull and set cuts of cars on & track as 
described in chapter 4&, the cycle time for loading a 
container on & rasil car, and the arrival distribution of 
incoming containers. A logic diagram of the model is 
shown in Figure 5.1, and the MicrocYCLONE code is shown 
in Appendix C. 

The time required to accomplish the process of 
pulling and setting a cut of cars on a track is actuslly 
the sum of the time required to perform several 
individual work tasks. The work tasks include coupling, 
pumping air, and pulling the loaded cut of cars out of 
the tracks, throwing a turnout and pushing them into a 
storage track. The engine then uncouples and moves to a 


string of empty cars in the storage yard. These cars are 
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pulled out of the storage yard and pushéd into the team 
track. The locomotive then uncouples and leaves, thereby 
becoming available to repeat the cycle. Estimated time 


required to perform each work task is shown in Table 5.1. 





WORK TASK TEME > Cm ni) 
Pull cars 4o0oo0d0ft @© Smph, perform twice 9 
Fush cars 4SOOOft @ Smph, perform twice g 
Throw turnout, perform twice 1 
Couple, twice 1 
Fump gir, twice 3 
Uncouple, twice pele 
Total 24 


The Basic computer model is composed of two 
processes which are joined by one work task through a 
combination node. The first process delivers containers 
fmom th= dock end consists of nodes 1, 2, 3, 4, S, 7? and 
8 in Figure 5.1. The second process switches empty and 
loaded railcars from the intermodal facility to the 
Seeorage tracks. It consists of nodes 5S, 6, 3, 10, ° 11, 
f2Zeeto, (4. 15 and 16 In Figure S lis the program code 


for the model is contained in Appendix C. 
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Nod= 2 represents a dock crane loading a container 
enue a truck for transport to the rail.facility. It is a 
combination node because it requires resources to be 
available before it can be accomplished, namely, a crane 
at node 1 and an empty truck et node 8. The time 
required to load the truck is represented by the values 
in SET 1. These values specify a minimum and maximum 
value between which times are assumed to be uniformly 
distributed. Table 5.2 illustrates all the SET values 
used in the meds}. 

The loaded truck then preceeds to the rail facility 
through node 2, with travel time as specified in SET 2. 
The truck arrives and waits at the gate represented at 
node &. Node $ 15 5 combination node which requires 4a 
losded truck at node 4, an empty rail car at node 13 and 
an idle hoist at node 89. At node 5 the container is 
shifted from the truck to the rail car, requiring time 
specified in SET 3. The empty truck then proceeds 
through nodes 7? and 8 back to the dock for reloadina, 
with travel time stated in SET 4&4. 

Node G6 i¢ a consolidate 10 function. This function 
requires 10 containers be loaded onto a rail car, fully 
loading one articulated double stack car. This done, a 
locomotive is called at node 10. The time required to 


Tab] 5.2) 


ww 
(b 
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call the locomotive is specified in SET 5 (5 


and is contingent upon = loaded rail car being available 
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mm mod= 14. The car (loaded with 10 containers) then 
waits for the locomotive at node 16. 

Nod= 11 is another combination which requires that a 
loaded railcar be waiting at node 16 and that a 
locomotive be waiting at node 15. SET 6 is the time 
required for a locomotive to retrieve the loaded car and 
replace it with an empty car, as determined in Table 5.1. 

The empty cars are placed at nod= 13, making them 


rat 10 at 
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available for the combination node 5. The g 
nod2 13 represents the fact that an individual modern 
intermodal) railcar can carry 10 individus] containers. 
On the way, Node 12 counts off one cycle which 
accumulates output in terms of loaded railcars per hour 


of operation. 


SSUMED 5 MES oo 
SET VALUE TIME (min) 

SET 1 2 oeeomne. 7 5 
SET 2 2). COmtomes. 00 
SET 3 1acomeo 1.75 
SET 4 2-00 “tomasoo 
SET 5 10.00 to 15.00 
SET 6 202610 to 30.00 
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The truck travel times have deliberately been set so 
that they are unrealistically short, since the model is 
intended to study the rail movement and not the movement 
of the trucks. Keeping the truck travel time to a 
minimum facilitates the examination of a larger number of 
rail movement cycles. 

Lines 19 through 27 of the model (see Appendix 3) 
represent the resource input. It was assumed that two 
crenezs would be working at pier sice, that two hoists 


would be working in the intermodal facility, snd that two 


(Db 


locomotives and 6 cars (30 wells) would be availabl 
The number of cars in 4a string could be modified by 
increasing the "generete" number by any multiple of ten, 
that i¢, 20 wells would represent two cars, 50 wells five 
eels, enc SO On. 

Another significant item in the mode! is the total 
mumDer of trucks in the cycle. Lines 21 and 22 of 
Appendix C show that e total of 20 trucks are assumed to 
b= working. A study was conducted to determine how 
sensitive the model is to the number of trucks present. 
The basic mode] shown in Figure §.1 resulted in 
production of 4&.6 units/hour, which physically represents 
4.6 loaded railcars in 1 hour. This value was taken 4s a 
benchmark and further comperisons were mad= agzinst it. 
It was assumed thet there should b= emowagn trucks in the 
cycle so that the container hoists are not waiting in the 


imeermodgsl facility for trucks to aerrivetethat is, itis 





desirable to have the trucks waiting for the loader. The 


aU 


nod=]l was run with 2, 20, and 200 trucks to determine if 
the level of production was affected. Results are shown 


ine haw eS. 3. 





TRUCKS 


NUMBER GF TRUCKS PROSUCTION. &@ DPIEFERENC Ee 
Seerucks ( 1 at. 2, 1 at 8) 8.0 te nr aS 
mee trucks ( 10 at 4, 10 at 8) 6.6 Units hr 0 
Boo trucks (109 at 4, 100 at §) bee Uri te ha Q 


Tiras Sspparent trom. labl=evS.sythat 2ZOctrucks are 
sufficient to prevent the hoists from having to wait fer 
containers to arrive. 

The next test performed on the model was intendec to 
determine how its sensitivity to the type of probability 
distribution defined in lines 28 through 34 of Appendix 
Cc. The many types of protability distributions are 
covered extensively by numerous authors and are outside 
the scope of this paper. MicrocCYCLONE permits the 
programer to choose between the five different 
distributions shown in Table 5.4. As previously stated, 


the parameters defined in Table 5.2 resulted in an output 
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of 4.6 units/hour, which was taken as a bench mark. The 
specific type of distribution was varied as shown in 


table 5.4 and results noted. 





DISTRIEBUTICN FROGCUCTION % DIFFERENCE 
linowerm (as shown in App. C) i. 6 units / ne 00 
Deterministic 3.8 un) te/nr 26.0 
Triangular 1 aa &.6 units/hr 0.0 
Triangular 2 in by. 3 Una tS/ ae Gao 
Triangular 3 va iS nat s/ br 625 
Beta Ge ine s/f 10sec 
Normal Kool: Wnsee Sy nie 1:28 


From the results shown in Table 5.4,1t was concluded 
that the uniform distribution as defined was a reasonabl= 
approximation of reality. To further refine the model, 
futuré researchers should consider collection of actual 
date in the field to physically verify the distribution. 

The final test performed on the modzl1 was to 
determine how sensitive it was to variations in the 
uniform distribution. The uniformly distributed 
parameters were modified as shown in Table 5.5. Ouring 


each test the parameters not modified were returned to 
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these shown in Table 5.2. As beforz, the results were 


compared aagxinst the value of 4.6 units/hour output. 





‘Is MTIONS 
WNIFORM RAS (changed to) PPORUCT ION ~ ULPEEREICE 
Moco move cers 40.00 to 60.00 2.0 units/hr S625 
eel loco 20200 to 2000 S626 Urits, ht 0.0 
Truck travel i. O0mtro 8.00 426 wnits/hr 0.0 
Hoist time SESOltO. 3.500 2 oe UM ts pnt a2 


Erom vabile 5.5 1% ts apparent that the most critica! 


parameter in the model is that of the time consumed by 


the locomctive in moving the cars. 





A network logic diagram of a more advanced computer 
mod21 is presented with program cod2 in Appendix G. This 
model is a séneric representation of a three track 
intermodal facility, and was developed on the principle 
of producing é€éver-increasing degrees of complication in 


hat it 


ete 


the mode] logic. Close examination will reveal 


is im reslity the network togic of the single track 
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facility reproduced in triplicate. No results were 


obtain=ad from this model. 





PNT ERC TCmEGN 


Appendix E contains the network logic diagram and 
program cod= for a single track intermods] facility which 
has the added provision of simulating the effect of the 
locomotive and rail cars interdicting the truck entrance 
zach time 3a switching move 15 conducted. This model was 
developed because it would be desirable to determine the 
loss of production associated with this phenomenon.. 
Note that program steps 17 through 26 have been added to 
the basic single track facility model in order to 
accomplish the desired effect. Table 5.6 shows the 
results obtained from this model] compared with the 


results of the basic single track facility model. 





yc io Cc ry 
MOCEL PRODUCTION %® CIFFERENCE 
Basic single track facility 4.6 u/hr 0.0 
Single track with entrance es (elon 22 


interdiction 
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There are several problems evident in this model. 


B nod= 26 is a combination, it must be preceded by 


ag 


Ca 


Sc 


th 


- 
2 


queue nodes. (See Chapter 5). Consequently, nodes &, 


(Th 
at) 
il 


18, 20, 22 and 24 must be queues. Since there must be a 
resource in each queue before the "crossing idle" node 26 
is active, this model in efféct states that there must b 
Hour locomotives in the crossing in order for it to be 


idle. This, obviously, is nonsense. A suggestion for 


a0) 


further study would be to change nodes 4, 18, 20, 22 and 
24 to combination nodes and node 26 to & queue. Such a 


mode] may produce rzasonable results. 
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It was an objective of this study to produce 


computer model 
intermodal 
designers and 
modifications 
investments. 


represent any 


to modify the 


fay) 
ma 


veral 


mM 


The model 


a 


The mode } 


~ 
— 


nzeds to 


OU 
b 


to couple, 


be tound 


truck. tra 


required for the 


will be 


dictances 


Facility. 


c 


b 


site 


CONCLUSIONS AND 


RECOMM™MENDATIONS 


qd 


of rail switching in a hypothetical 


Such a model would enable facility 


planners to study the effects of various 


= 


3 


_ 
=) 


betore committing large capital 


The model developed is generic and does not 


epecyrfic facility. However, 1t ts possibl= 


mod2=!t to repr nt a specifie facility. 


s. 


am 
h 


enelusions can be drawn trom this eftort: 


Froduces results th 


i=34 
~ 


epeciti1c distribution. 


will be usetul in determining what date 


collected. Cata such as the time needed 


(h 


uncouple, pump air and throw turnout: may 


to be non-site specific. Cata such as 


vel time to and from the dock, and time 


locomotive to push and pull cars 


specific owing to variations in the 


involved. 


oil 





U} 


m 
ib 


= 


The model will be useful to facility managers who 


wish to play "what if" games. 


Developing computer models is difficult and time 
consuming. It took much longer to develop the mode} 
than was anticipated, probably because learning new 


sottware 15 very frustrating and time consuming. 


The intermodal industry is very dynamic, and 


intermodal facility managers are extremely 


In addition, séveral problems were identified that 


tO b= Gommon to almost every intermocal facility: 


The tacilities' truck entrance 15 tinterdicted by the 


trains while they ere switching cars. 


Trains do not always arrive at the facility a= 


scheduled. This 18 @ constant source of problems 


mn 


for the facility managers, yet one which they ar 


helpless to correct. 


Sometimes intermodal trains include noneintermodéal 
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Facility managers are frustrated by the many large 
number of different types and sizes of intermodal 


cars and containers in service today. 


Several problems were encountered in using 


MI CroCYCLONE: 
The software is very platform specific; the author 
eCoulld only run 1t Oh an IBM PC/AT. This can be a 


serious inconvenience. 


The author encountered several bugs in the program. 


T 


The program otten crashes and returns the user to 


il 


the DOS without wéerning or explanation. This is & 


source of frustration. 


There 135 no documentation regarding the error 
messages. A common error message is "THERE IS AN 
UNICENTIFIED PROBLEM" followed by a crash back to 
the COS. A student will find this extremely 


frustrating. 


There is no large network of MicrocYCLONE users at 
the University of Washington, which makes it very 
difficult to find help for even simple questions. 


The authors of the software provided help by phone, 
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which was greatly appreciated, but there is no 


Substitute for faces to face assistance. 


a On @ ’ ON = 


Having completed this study, I wish to make the 


following recommendations: 


A dedicated data collection zffort should be 
undertaken to gather more asccurate information on 


th= most sensitive param 


ma 


ters represented in the 


) 


modzis ince the accuracy of the parameters is 


C 
Mm 


improved, further simulation runs should be 
conducted to provide more accurate information 
concerning the capacity and throughput times of a 
typical intermodal facility. Gathering data for the 
site specific parameters will permit study of a 


SH=¢ ire Tec 1 ty 


In cases where the results are distribution 
sensitive, the actual type of distribution should be 
verified by collecting a large amount of data in the 


fie keds 
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The intermodal industry should make an effort to 
standardize the types of railcars and the size and 


types of containers in service. 


Studies of intermodal facilities should include, but 
not be limited to, models of this type. Planners 
and designers should also consider other site 
specific aspects such as weather, topography, 


Qeclogy and other pertinent factors. 


On 


(ly 


of the greatest difficulties encountered in this 
research was developing the model itself. Gne advantage 
ef the MicrocYCLONE software was that it appears to be 
less complex. Because it does not include 2 graphics 
package, the student is encouraged to concentrate on the 
modeling aspects of the program. Despite this apparent 
simplicity, it took much longer to dévelop the initial 
model than originally estimated. Future researchers 
should consider the following recommendations when 


choosing software for further work on this subject: 


Because of the difficulties explained above, success 
with MicrocYCLONE 15 propertional to previous 
experience with personal computers. Lit Snot oe 
good choice unless the researcher is very proficient 


jn the use of computers, or has a strong local 


fcupport network. 


ae) 





MicroCYCLONE users should network and exchange 
information. The MicrocYCLONE newsletter, which is 
published by Purdue University, might be a good 


Saantiiia point. 


The authors of the MicroCYCLONE software should 
publish documentation which explains the error 


messages which are generated by the program. 


As a final word, I would like to say that I believe 
the intermodal industry will continue to grow in the 
1990's, perhaps even faster than it did in the 1980's. 
Funds for public worts projects are becoming more and 
ffee= difficult to obtain, and the infrastructure of the 
United States is deteriorating. Eventually, the nation's 
highways may no longer be available to trucking companies 
for cross country hauls. This will force a realignment 
of our national transportation economy and push rail 
intermodal services to the forefront of the 


Eramsportstion industry. 
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TRAILER TRAIN COMPANY CURRENTLY HAS APPROXIMATELY 
[950 DTTX CARS (9750 WELLS) IN SERVICE OR 
SemeeUlLED TO BE BUILT. 


aa2 LOADING POSSIBILITIES FOR THESE CARS DIFFER 
| WIDELY FROM CAR CLASS TO CAR CLASS AND FROM 
SelLOER TO BUILDER. 


IN ORDER TO PROVIDE A READY REFERENCE, WE HAVE 
PREPARED THE FOLLOWING LOADING CAPABILITIES CHARTS 
WITH SUCH DATA AS BUILT DATE, WELL CAPACITY, 

LIGHT WEIGHT AND LOADING CAPABILITIES FOR EACH 

CAR CLASS AND EACH CAR SERIES. 


THESE CHARTS ARE ARRANGED ALPHABETICALLY BY 
CAR BUILDER AND NUMERICALLY BY CAR NUMBER. 


PERIODIC UPDATING WILL BE DONE TO INCLUDE 
ADDITIONAL CARS ADDED TO THE TRAILER TRAIN FLEET. 
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Questions and Summary of Facility Interviews 


ct 
St 


1. Go you load line or assign cars through the gate? 


BN (Seattle): Some aspects of both philosophies. 

SF (Gakland): Some aspects of both philosophies. 

ATSF (Richmond): Some aspects of both philosophies. 

EN (Chicago): Primarily assignment through gate. 

NOTE: That no terminal is operated under a pure form of 
either philosophy 


2. Are you able to switch from both ends of the yard? 


BN (Seattle): No, but this is perceived as & problem. 

SF (Gakland): Yes. 

ATSF (Richmond): Yes, but seldom do. 

mute hicago): Yes, and often do. 

NOTE: Being able to switch from both ends of the yard is 
generally perceived as an advantage. 


3. Would more team tracks help? 


BN (Seattle): No. 

SP (Gakland): Yes. 
mor (Richmond): No. 
eM (Chicago): No. 


NOTE: Most terminal op=rators would like more team 
tracks, but do not feel expansion is mandstory at current 
service levels. The SP facility at Cakland is an 


exception. 
4. Would more loaders help? 


BN (Seattle): No. 

SP (GOakland): No. 

Arse (Richmond): No. 

BN (Chicago): No. 

NOTE: Most terminal operators would like more loaders, 
but do not feel they are mandatory at current service 
levels. 


5. Can you expand or are you constrained by other 
facilities around you? 


BN (Seattle): Constrained. 

SF (Oakland): Constrained. 

ATSF (Richmond): Constrained. 

BN (Chicago): Constrained. 

NOTE: The SP facility is attempting to negotiate an 
agreement which would permit expansion. 


6. Do you own/control the rail equipment or does a 
terminal railroad switch for you? 
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BN (Seattle): Equipment is owned by EN. 
SF (CGakland): Equipment is owned by BN. 
ATSF (Richmond): Equipment is owned by ATSF. 
BN €Thicago): Equipment is owned by EN. 


fe What outside influences affect you: zamsters, 
Longshoremen, customs, ship arrivals, any others? 


BN (Seattle): Those listed, but no others. 
SP (Gakland): Those listed, but no others. 
BUcr (kienmond)!: those listed, but no others. 
BN (Chicago): Those listed, but no Otherne. 


8. Are trein and track dynamics a problem/consideration? 


a 


BN (Seattle): Y 
eee Cal land)!: ¥ 
Picar ckichnmond): Not discussed, 

BN (Chicago): 23. 

NCTE: The BN restrictions delineated in chapter 4 are 
representative. 


3. 
Sie 


au 


woe Po you block your train by destination AT ORIGIN (i464. 
here)? 


EB — Yes 
SF (Gakland): Yes 
ATSF (Richmond): Yes 
BN (Chicago) Yes 


10. Do you use air brakes or are 21] moves handled by 
hand braek=? 


EN (Seattle): Use of air brake 
SP (Gabkland): Use of air brake i 
ATSF (Richmond): Not discussed. 
Bt! (Chicago) ; Use of air brake 15 mandetory. 


mandatory. 
mandatory. 


= 
Ww 


in 


Tillie What are your thoughts on the various types cf cars 
around today? 


BEN (Seattle): Too many different types. 

SP (Oakland): Too many different types. 

ATSF (Richmond): Too many different types. 

Bly, (Chicauc): Not discussed. 

NOTE: All terminal operators would like to see more 
standardization. The more versatile dual purpose cars 
are the most popular. 


12. What ar= your thoughts on various container sizes? 
BEN (Seattle) Too many different types. 
SF (Gekland): Too many different types 
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ATSF (Richmond): Too many different types. 

EN (Chicago): Too many different types. 

NOTE: All terminal operators would like to see mor 
standardization. 


10 


isscam 1 get a track diagram of your facility? 


BN (Seattle): Yes. 

SP (Cakland): No. 

Alse (Riehmond): No. 

BEN (Chicago): Yes. 

NOTE: It must be understood that some terminal managers 
were just to busy to provide a diagram. 


14. Can I have a list of daily trains? 


BN (Seattle): Yes. 

SP (Cakland): No. 

ATSF (Richmond): No. 

ERetCCnicago): Yes. 

NOTE: It must be understood thst some terminal managers 
were just to busy to provide such documentation. 

Sve Is (or would) on dock rail an advantage? 

BN (Seattle): Would be considered an advantage. 

SP (Oakland): Not discuss 
mcr thichmond): Not discu 
cimtand) facility 

BN (Chicago): CGiscussed, but has no application at thi 
Mmamland) facitity. 


ed. No epp lication at thi 


yy) 


u) 
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BROXTRAIH 


NAME “ROXTRAIN® LENGHT 160 CYCLE 29 

NETWORK INFUT 

QUEVE “CRANE IDLE’ 

Celio t SET 1 bOebD TAUCK. AT DOCE” FOL 1 3 FRE 1 8 

HORMEL SET 2 “TRUER TRAVEL 10 DOCK” FOLL 4 

QOUEVE “TRUCK WAIT AT GATE’ 

BORE Set SS) "EUGD, BOX GN CAR” FOL 6 7 FY FRE & 9 33 

FUNCTION CONS 10 FOL 14 

NORMAL SET 4 “TRUCK TRAVEL*® FOL 8 

QUEVE "TRUCK WAIT AT DOCH? 

CURE HOTS) 1DLe 

Moco! SET S “CALL LOCO” FOL 16 PRE 14 

Pimms set eo  MOLO IOVE CoORS° FOLL le 15S FRE tS 14 

12 FUN COU FOL 13 QUA 190 

13 QUE “CARS AVAIL® GEN 10 

ee OVEUE “COCE IDLE" 

Poe eUEWE “Walt FOR LOCB” 

146 OLIEUE “LOCO AVAIL’ 

RESOURCE INEUT 

Pf “CRANES* AT 1 

fe “TRUCKS” AT 4 

Boe TRUCE S® AT 8 

fol otSs” Al & 

2 “*“CARS* 4T 13 

2 *"|O0COS* AT 15 

*“CARS* AT 16 

£€ “CARS* AT 14 

DURATION INFUT 

SET 3 UNIFOR!N 1.25 1.75 

Severe URIFORM 2.2.09 4.08 

eames ONT Leo 1.75 
4 
a 


oDByPomFwo Ve 
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SET UNIFORM 2.00 4.00 
Set UNDEORM 10.00 15.00 
SET & UNIFORM 20.00 30.00 
ENDDATA 
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